650

Jowrrmal of Food Protecrion, Vel 82, Mo, 6. J999, Pages 650-656

Aflatoxin Reduction in Corn Through Field Application of
Competitive Fungit

JOE W, DOENER,'* RICHARD J. COLE,' sanp DONALD T. WICKLOW?

VLS. Depuartment of Agriculture, Agricultural Research Service, Natiomal Pearwt Research Laboratory, 1011 Forresier Drive 5.E., Dawson, Greargia

31742; and TS Depariment of Agriculiure, Agricultaral Research Service, National Center for Agricultural Unilization Research, 1815 North
Uiniversity Streel, Peoria, Minois 61604, 1154

ME 98-207: Reverved 12 November 198/ Accepied 31 January 1999

ABSTRACT

Soil in comn plots was inoculated with nonaflatoxigenic strains of Aspergillus flavus and A. parasiticus during crop years
1994 o 1997 1o determine the effect of application of the nontoxigenic strains on prehasvest aflatoxin comamination of com.
Corn plots in a separate part of the field were not inoculated and served as controls, Inoculation resulted in significant increases
in the total A. flovasiparasiticis soil population in reated plots, and that population was dominated by the applied strain of
A. parasitices (NERL Z1369), In the years when weather conditions favored aflatoxin contamination (1996 and 1997}, com
was predominately colonized by A, flavur as opposed 1o A parasiticus. In 1996, colonization by wild-type A. flavas was
significantly reduced in treated plot commpared with control plots, but 1dal A, favusparasiticus colonization was not different
between the two groups. A change 1o a more aggressive strain of A. favus (NRRL 21882) as part of the biocontrol ineculum
in 1997 resulted in a significantly (P < 0.000) higher colonization of com by the applied strain, Weather conditions did nat
favor afiitoxin contamination in 1994 and 1993, In 1996, the aflatoxin concentration in comn from treated plots averaged 24.0
ppb. a reduction of 87% compared with the aflatoxin in control plots that averaged 188.4 ppb. In 1997, aflaoxin was reduced
by 66% in treated comm (298 ppb) compared with control com (87.5 ppb). Together, the data indicated that although the
applied strain of A. parasiticus dominated in the suil, the nonafatoxigenic strains of A. flavis were more responsible for the
observed reductions in aflatoxin contamination. Inclusion of a nonaflatoxigenic strain of A. parasiticus in a biological control
formulation for aflatoxin comamination may not be as important for airbome crops, such as corn, 28 for soilbome crops, such

B PCATAILS.

Aflatoxins are potent hepatotoxic, carcinogenic metab-
olites produced by the fungi Aspergitfus favus Link: Fr, 4.
parasiticus Speare, and A. nomius Kurtzman et al. (2, 8,
13). These fungi have the capability of invading various
agricultural commodities during maturation in the field or
after harvest and contaminating them with aflatoxin. Com-
modities such as corn, peanuts, cottonseed, and various ree
nuts are particularly susceptible to preharvest aflatoxin con-
tamination when environmental conditions duting crop
maturation are characterized by high temperatures and
moisture stress and when insect injury is prevalent (4, 7,
12, 20). Because of the toxicity and carcinogenicity of af-
latoxins, contaminated commodities destined for human or
animal consumplion pose a significant health hazard and
are, therefore, closely monitored and regulated (24). Apart
from its effect on health, aflatoxin contamination also im-
pacts the agricultural economy through the loss of produce
and the time and costs involved in monitoring and decon-
tamination efforts (22).

Major research efforts are underway to develop and
implement various aflaoxin control strategies. These efforts
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include research in the areas of breeding for crop resistance,
genetic engineering for crop resistance, regulation of afla-
toxin biosynthesis, and biclogical control. Biological con-
trol efforts have centered on the incculation of crop soils
with competitive, nonaflatoxigenic strains of A, flavis and
A, parasiticus. Application of competitive, nonaflatoxigenic
strains of A. parasiticus reduced aflatoxin contamination of
peanuts over a 3-year period (73, and a patent was granted
for the use of nonaflatoxigenic strains of A. parasiticus for
controlling aflatoxin contamination (3). A 2-vear study in
which different rates of inoculum of nonaflatoxigenic
strains of A. flavus and A. parasiticus in combination were
applied to peanut soil showed reductions in aflatoxin con-
tamination of peanuts ranging from 74.3 to 99.9% (//),
Reduction in aflatoxin contamination of cottonseed has also
been achieved by application of a nonaflatoxigenic strain
of A. flavus 1o soil around developing cotton plants (&), and
a patent was issued for the use of nonaflatoxigenic A. favus
for preventing aflatoxin contamination (5). Brown et al, (1)
found that aflatoxin contamination of com was reduced
when devecloping corn kemels were directly coinoculated
with toxigenic and nonaflatoxigenic strains of A. flavues as
opposed o inoculation with the toxigenic strain alone. Af-
lmoxin was also reduced when kernels were inoculated with
the nonaflatoxigenic strain 24 h prior W inoculation with
the aflatoxin-producing strain, However, no reports have
been published concerning the effect of soil inoculation
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FIGURE 1. Layout of plots treated with competitive, nonaflatoxigenic straing of A. favus and A parasiticus showing the rotation of
comn, peanuts, and coffon among plois for crop years 1994 1o 1997, An equivalent layour of nontreated control plats was established

about | km away in the same noncultivated field,

with nonaflatoxigenic strains on preharvest aflatoxin con-
tamination of corn. The purpose of this paper is to report
the reduction in aflatoxin contamination of comn that was
achieved through soil inoculation with nonaflatoxigenic
strains of A. flavus and A. parasiticus.
MATERIALS AND METHODS

Fungal strains and inoculum preparation. Strains of A

Savus and A. parasiticus used as competitive fungi in this study

included a naturally occurring isolate of A. flovus (NREL 21882),
an orange-brown color mutant A. favis (NRRL 21368) produced

by UV irradistion of NRRL 21882, and an orange-brown color
mtant of A. parasiticus (NRRL 21369), all of which lacked the
ahility 1o produce aflatoxins, cyclopiazonic acid, and known bio-
synthetic precursors of aflatoxin (/7). Culiures were maintained
on Czapek's agar (Cz) slants at 5°C. Soil inoculum was prepared
by culturing each strain separately on long-grain rice as previously
described (11).

Field plots and inocalation. Twenty-four (each 5.5 by 24.4
m) plots were delineated in a portion of an otherwise nonculti-
viled field for treatment with the competitive fungi. Figure 1 il-
lustrates the arrangement and spacing of plots and crops planted
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within each plot. In 1994, 16 of the 24 plots cach were planted
with six rows of corn while the other 8 plots were planted with
six rows of peanots, In 1925, eight of the 1994 com plois were
replanted with com, eight were planted with peanuts, and the 1994
peanul plul.u. WEre p1arl.l.nd with coton. In subsequent years, com
plots were rotated with peanuts followed by cotton, cotton plots
wire rotated with com followed by peanuis, and peanut plots were
rotated with cotton followed by com. Equivalent nontreated con-
trol plots were established in a portion of the field about 1 km
removed from the reated plots. A nonculivated field with sepa-
ration hetween the treated and control plots was selected in order
o limdt any influence of soil microflora associated with treated
plots wpon control plots and vice versa as well as any influence
of fungi assocised with a developing crop upon treated or control
plots. Cotty (6} observed that when a nonaflatoxigenic strain of
A, flavus was applied o treated plots interspersed with untreated
plots in the same cotton field, the applied strain was isolated from
as many as 25% of infected seed in the wnireated plots and prob-
ably reduced aflatoxin contamination in the untreated plots,

Treated plots were inoculated mechanically each year with
fungal-infested rice wsing a Gandy applicator pulled behind a trac-
tor, Inoculum was banded over the row when com plans were
approximately 30 1o 60 cm high. Planting and inoculation dates,
respectively, for com plots for years 1994 to 1997 were as fol-
lows: 1994, 17 May and 22 June; 1995, 15 March and 27 April;
1996, 5 March and 8 May; 1997, 13 March and 23 May, In 19%4
0 1996, treated plots were inoculated at a rate of 2235 kg'ha with
an equal mixture of rice colomized by A, flaves (NREL 21363)
aml A. parasiticus (NRRL 21369} color mutants. In 1997, meated
plots were inocolated at the reduced rate of 22.5 kg/ha with an
cqual mixtore of A, foves (NREL 21882) and A, parasivicus
(NREL 21369).

Harvesting and preparation of samples. Corn plots were
harvested on 30 September 1994, 13 August 1995, 18 September
1996, and 26 Avwgust 1997, with a commercial combine. After
each plot was harvested, the comn was transferred to burlap bags,
Yield varied among plots and years but typically averaged around
1] lg per 'pEnI!. Bags of com from easch pll:sl were combined and
nffle divided o produce a sample of about 20 kg w grind for
aflatoxin analysis. Corn was ground in & Romer subsampling mill
{Romer Labs. Union, Mo.), and subsamples averaging 1,275 g
were analyzed for aflatoxin, Corn was funther riffle divided o
produce a sample of approximately 500 g to be used for the de-
termination of fungal colonization percentages,

Soil microfloral analyses. Samples of soil from each plot
were taken at the tme of planting and immediately prior o har-
wvest o monitor populations of wild-type A. flavies and A. parasii-
cus &8 well as the introduced competitive strains. Ten samples of
soil were removed with a sterile trowel from the top & cm of soil
within 15 em of the planted kermels or com stems al random
locations within each pled. Samples within a plet were pooled,
mined, and stored in a paper bag. Soil was sereened through a no.
200 standard testung sieve (0.833-mum opening)., and 30 g was
hlended for | min at low speed with 300 ml of a 0.2% water agar
solution that was cooled (o 5°C (13). Dilution platings were made
on plates containing a dichloran-rose bengal medium {17} maodi-
fied with 3% NaCl. Flaes were incubated an 3°C for 3 o 4 days.
Color mutants were readily distinguishable from wild-type strains
al A, flavws and A, parasivicus, but the wild-type strains of A
Mavus and A, parasiticus were not enumerated separately, The
competitive A flavur strain, NRRL 21382, that was applied only
in 1997 was not differentiated from naurally occurming wild-type
SLrEims,
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Fungal colonization of corn. In each year except 1995,
sound, intact corn kemnels were plated 1o determine the percentage
of kernels that were colonized by the introduced competitive
strains versus naturally occurning wild-type strains of A, flaves
and A. parasiticas. In 1994, 1996, and 1997, 200 kemels from
cach plot were surface sterilized with a 2% solution of sodium
hypochlorite and placed in petri dishes (five kernels per plate)
comtaining Cz with antibiotics (30 pg/ml streptomycin and 1.5
pafml chlonetracyeline) and incubated for 5 o 7 days at 30°C.
Grain samples harvested in 1996 were also examined for fungi at
NCAUR., Peoria, IIl. Fifty kernels per plot were surface sterilized
with a 0.5% hypochlorite solution, plated on 3% malt extract agar,
and incubated for 5 o 7 days al 25°C, A second plating of 50
kernels per plot followed surface sterilization with a 2% hypo-
chlorite solution. Wild-type strains of A fevies and A, parasiticus
were not differentiated, but color mutants WRRL 21368 and
21369, used as competntive fungi, were readily distinguishable
from wild types and from each other.

Because of reproducible results from the three plating ex-
periments in 1996, only one plating series was done in 1997, It
included 200 kernels per plot thar were swurface swerilized with a
2% hypochlorite solution. To differentiate berween the applied
wild-type strain of A. o (WRRL 21882) and native strains of
A, flavus that are visually indistinguishable, up o 20 A, fover
colonies per plot were subcultured in 1 ml of a liguid medium
containing glucose, soytone, yeast extract, and sucrose in 1-dram
wvials {150 After incubaton at 30°C for 7 days, culores were ex-
wacted with chloroform and analyzed by thin-layer chromatogra-
phy (TLC) on silica gel 60 F-254 platcs with a solvent system of
chloroform-acetone (9307, volfvol). A match of the metabolite pat-
tern with that of an extract of NRRL 21882, particularly the ab-
sence of allatoxing and eyclopiazonic acid, was used vo identify a
colony as the applicd competitive sirain.

Aflatoxin analyses, Ground comn subsamples were extracted
in a Waring gallon-sized blender for 3 min with methanol-water
(RO, volivel; 2 mb'g) and analyzed for aftawoxin by the high-
performance liquid chromatography (HPLC) method of Dorner
and Cole (#) with certain modifications. The HPLC system con-
sisted of a Waters Mova-PAK Cy column (3.9 by 150 mm) with
a mobile phase of water-methanol-butanc] (VIS5 2, volivol/
vel). Instead of using postcolumn iodination o enhance fluores-
cence of aflatoxing B, and G, postcolumn derivatization was
achieved with a photochemical reactor {16) placed between the
column and a Shimadzu model RF551 fluorescence detector with
excitation and emission wavelengths of 365 and 440 nm, respec-
tively. Injection solvent consisted of methanol-water (6238, vol/
vol) with 0.1% acetic acid, Afatoxin standards were prepared
fromm crysials according to AQAC method 971,22 (21)

Statistical analyses. Soil populations and aflatoxin concen-
trations were log transformed to normalize distributions, Com col-
onization percentages were transformed to the arc sine of the
square rool Analyses of varance and £ lests were run with the
general linear models procedure: of SA% including a Tukey means
scparations test to detcrmine differences among means (23),

RESULTS

Sodl microflora. Soil populations of wild-type and
nonaflatoxigenic, competitive strains of A. flavas and A
parasiticus are presented in Table 1. Populations in control
plots ranged from 65 CFU/g at planting in 1996 to 478
CFLl/g at harvest in 1995, Populations decreased signifi-
cantly between planting and harvest in 1994 but increased
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TABLE 1. Soil populations and distribution of Aspergillus flavus and A. parasiticus in control plots and plots treated with nonafla-

toxigenic, competitive strains of A. flavus and A, parasiticus

% colonics in treated plots belonging to

Sampling Coatrol “Trested A. paraziticus

time: CPUg* CFuUigh Wild rype” A flavus O CM*
Flanting, 1994 311 am 163 c 100 U] 0
Harvest, 1994 g3c 9537 1 12 &7
Planting, 1995 81 BC 3,003 BC 3 17 80
Harvest, 1995 478 A 41,190 A 15 B4
Planting, 1996" 65 Bc 4,878 Bc 2 11 &7
Harvest, 1996 231 asc 1,70 c 11 18 T
Planting, 1997 302 ABC 5,083 Bc 4 1 95
Harvest, 1997 125 Bc 4% c 25 4 71

“ Values are the mean of eight plots and include all strains of A. flavus and A. parasiticus. Values in a column followed by the same
letter are not significantly different (two-way ANOVA, Tukey least-squares means test, P < (L05).
¥ Walues are the mean of cight plots and include all strains of A. flavus and A. parasiticus. Values in a column followed by the same
hmnmmﬁmﬂydﬂﬂmtmw&bﬂwh.mmwmmr{uﬂﬂ

¢ Includes wild-type strains of A. flaves and A. parasiticus.
4 Competitive color mutant strain of A. flmaes, NRRL 21368,
“ Competitive color mutant strain of A. parasiticus, NRRL 21369,

f Populations in treated plots include carryover from the previous year.
¥ Includes nonaflatoxigenic A, flavus, NRRL 21882, applied as a biocompetitive agent in 1997,

significantly in 1995. In 1996 and 1997 populations did not
change significantly between planting and harvest sam-
plings. Individual ¢ tests for control versus treated means
for each sampling showed that except for the initial sam-
pling prior to any inoculation, treated plots always had sig-
nificantly (P < 0.05) higher total A. flavus/parasiticus pop-
ulations than control plots. Treated plots had significant in-
creases between planting and harvest during 1994 and 1995
resulting from inoculation with the competitive fungi, but
no differences were seen between planting and harvest pop-
ulations in 1996 and 1997,

In treated plots, the A. flavus and A. parasiticus soil
populations were dominated by the applied color mutant of
A. parasiticus (NRRL 21369) that made up from 67 1o 95%
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FIGURE 1. Percentage af com kernels colonized by wild-type A.
flavus (WTAF), wild-type A. parasiticus (WTAP), A. flavus color
mufant NRRL 21368 (CMAF), and A. parasiticus color mufant
HRRLZIJE?(WJ&-MM:MMMMIM Bars
with the same letter are not significantly different (fwo-way ANO-
VA, Tukey least-squares means test, P < 0.05).

of those populations. The A. flavus color mutant (NRRL
21368) comprised only 11 to 32% of the total A. flavus’
parasiticus population during years when it was part of the
inoculum (1994 to 1996). This apparent lack of dominance
by the A. flavus color mutant compared with the A. par-
asiticus color mutant prompied a change in 1997 to the
nontoxigenic wild-type, NRRL 21882, from which the A
Aavus color mutant was derived. An increase in the wild-
type population at harvest in 1997 was reflective of the
presence of that strain. However, the change did not result
in any reduction in soil dominance by the A. parasiticus
color mutant that again comprised 71% of the total A. fla-
vus/parasiticus population at harvest, 1997,

Fungal colonization of corn. Essentially no coloni-
zation of com by A. flovesparasiticus occurred in 1994,
Only 2 kernels out of 3,200 plated yielded colonies of A.
flavus, however, a high percentage (70 to 80%) of kernels
was colonized by Fusarium spp. This was likely the result
of a very wet and cool growing season. The percentage of
kemels colonized by wild-type and color mutant strains of
A. flavus and A. parasiticus in 1996 is presented in Figure
2. Com was primarily colonized by strains of A. flavus as
opposed to A. parasiticus. In control plots, 5.8% of kernels
were colonized by wild-type A. flavus, whereas only 0.1%
were colonized by wild-type A. parasiticus. The competi-
tive color mutants of A. flaves (NRRL 21368) and A. par-
asiticus (NRRL 21369) also colonized 0.9 and 0.1% of the
kemnels, respectively, even though the treated and control
plots were separated by a distance of | km. Similarly in the
treated plots, com was predominately colonized by A. fla-
vis as opposed to A parasiticus with 1.8 and 3.3% of ker-
nels colonized by wild-type and color mutant A. flavus, re-
spectively. Only 0.4% of kernels in treated plots were col-
onized by A. parasiticus, and that being the color mutant.
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FIGURE 3. Colonization of corn kernels by wild types of A. flavus
and A. parasiticus (A) and by all strains of A. Ravus and A.
parasiticus (B) in control and color mutans-treated plots in 1996,
Barx with the same letter are not significantly different (wo-way
ANOVA, Tukey least-squares means test, P < 0.001)

The comparison of the percent kernels colonized by
wild-type strains of A. flavus and A. parasiticus and by all
strains of A. flavus and A. parasiticus in control and treated
plots from 1996 is shown in Figure 3. The two-way analysis
of variance (ANOVA) showed no significant differences
among the three plating experiments; therefore, data are
presemted from all three experiments combined. A highly
significant (P < 0.001) reduction in colonization by wild-
type A. flavus was found in treated plots (1.8%) compared
with control plots (5.8%) (Fig. 3A). However, no difference
was found between treated (5.5%) and control plots (6.8%)
for otal colonization by both wild-type A. flavus/parasini-
cus and the applied color mutants (Fig. 3B). This was in
spite of the fact that total A. flaves/parasiticus soil popu-
lations were significantly higher in treated plots (Table 1).
color mutants did not alter overall colonization of com by
A. flavus/parasiticus, bot it did result in a significantly re-
duced colonization by wild-type, toxigenic strains.

‘The colonization of corn in 1997 by wild-type A. fla-
vusfparasiticus and the applied nontoxigenic A. favus
(NRRL 21882) is illusirated in Figure 4. Two-way ANOVA
with means separated by Tukey's least-squares means test
showed a significantly (P = 0.001) larger percentage
(26.7%) of kemnels colonized by the applied strain of A.
flavus in treated plots. The difference between colonization
by wild-type A. flavus in control (4.6%) and treated (2.9%)
plots was not significant. Although control plots were well
removed from treated plots, 2.2% of kerels in control plots
were colonized by the competitive strain applied to treated
plots. Omly 2 kemels out of 1,600 plated from treated plots
were colonized by the A. parasificus color mutant, even
though that fungus again dominated in the soil (Table 1).
The A. flavus color mutant, which was not applied 1o soil
in 1997 but still present from prior applications, colonized
only one kernel.
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FIGURE 4. Colonization of corn kernels by wild-type A. favus/
parasiticus {WT AF/AP) and by A. Ravas, NRRL 21882, used as
a competitive fungus in 1997, Bars with the same letter are not
significantly different {two-way ANOVA, Tukey least-squares
means test, P < 0,000 )

Aflatoxin contamination. In 1994 and 1995 only trac-
es of aflatoxin were found doe to relatively cool and wet
tions in corn from control and treated plots in 1996 and
1997 are shown in Figure 5. Significant (P < 0.01) reduc-
tions in aflatoxin were achieved in each year The mean
aflatoxin concentration of 24.0 ppb from treated plots in
1996 represented a reduction of §7% compared with the
control plots average of 188.4 ppb. A 66% reduction was
seen in 1997 with control corn averaging 87.5 ppb com-
pared with 29.8 ppb in com from treated plots. Of total
aflatoxin in 1996, 89% was aflatoxin By + By and 11%
was aflatoxin G| + G, in both treated and control plots. In
1997, 96% of the total aflatoxin in treated plots was B, +
B while 89% of the total in control plots was By + B,.

200

_af = Contred
| : Treated
150 |
g | =
gmﬂ [ @
50
b b
5 =
1996 18997

FIGURE 5. Mean agflatoxin concentrations (ppb) in com from
controd plots and plots treated with competitive siraing of A. fla-
wvus and A. parasiticus in /996 and 1997. Bars in the same year
with different levers are significantly different (t tese, P << QU05)
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DISCUSSTON

Applications of nonaflatoxigenic sirains of A fHoves
und A, parasiticus greatly altered the overall populations of
those species in soil. Although wide Auctations were seen
in the A. flavus/parasiticus soil populations in plots that
were treated with the nontoxigenic strains (Table 1), the
percentage of total A, Aavus/parasiticus that were wild
strains was usually <<3%. The A. parasiticus color mutant
usually accounted for =70% of the total A. favusparasi-
ficus population. Although the strains used in this study
were specific color mutants of A. flavus and A. parasiticus
{with the exception of NRRL 21882 in 1997), the data sup-
port earlier studies showing the tendency of A. parasiticus
to dominate in the soil environment (8).

The fungal colonization data show that even with the
predominance of the A. parasiticus color mutant in the soil,
corn wis predominately invaded by A, foves in 1996 and
1997, Al harvest in 1996, the A. paresiticns color mutant
made up T1% of the A, favusparasiticus soil population,
but only 7% of kemels colonized by A, favusiparasiticus
were colonized by that siran while 93% of colonized ker-
nels were colonized by A, favas. At harvest in 1997 when
the A. parasiticus color mutant again made up 71% of the
A flavusiparasiticus soil population, essentially all coloni-
zation of corn was by A. floves. Numerous earlier studies
have shown that among species of Aspergillus in scction
Flavi, A, flovus is usvally the predominant colonizer of
crops, even when soil populations of A. parasiticus have
been as high or higher. In a 3-year study that monitorcd
soil populations of A. flevey and A, parasitices, Hom et al.
{14) showed that while the two species were present in soil
in similar proportions, corn was infected only by A, flaves.
They suggested that A. flovur may be the more aggressive
species on corn and may out compete A, parasiticus as a
colonist of corn under field conditions. Hom et al. ¢73)
reported that despite higher soil populations of a brown
conidial mutant of A, porasiticus, A. floves was usually
dorminant in peanut seeds. Lillehoj et al. (79} found A. par-
asificus only in soil and soil insects in comn plots, whereas
A. flovuy was associated with soil and plant insects. How-
ever, A, parasiticus was not excluded as a colonist of corn
in this present study, and the presence of the G aflatoxing
(produced only by A parasiticus) in both 1996 and 1997
is indicative of at least some invasion by that specics.

Many factors are involved in the process of infection
of corn kernels by A, fovesiparasiticus, but weather con-
ditions are probably the most important factor determining
whether or not aflatoxin contamination will develop (20,
In 1994, essentially no kemnels were colonized by A. Mrveesd
parasiticus even though the application of A. flavusipar-
asiticus color mutants resulted in relatively high soil pop-
ulations by the time of harvest. The 1994 growing scason
was characterized by abundant rainfall and unusvally cool
temperatures for southwestern Georgia, This, instead, re-
sulted in heavy colonization of comn by Fusarium species
and practically no colonization by A, favus/parasiticus, in
spite of the high A. favus/parasiticus soil populations in
treated plors,
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The scil population data along with the kernel colo-
nization data from this and an earlier study with peanuts
{11} indicate that the biological control of aflatoxin contam-
ination achieved in this study is not associated with a re-
ducticon in the propagules of lexigenic strains in treated soil,
In fact, poputations of wild-type strains of A. favus and A.
pavasitices usually were not different between treated and
control soils even though the population of applied strains
wis much higher in treated soil. The competitiveness of the
applied strains in the process of colonizing and becoming
estahlished in crops is a vital aspect in the success of this
strategy. Although it was not dominant in the soil as far as
total propagules were concemed, A. favies NRRL 21882
was clearly more aggressive as a colonist of corn kermnels.
A, parasiticus, NRRL 21369, was an infrequent colonist of
comn even though it maintained the highest propagule levels
in the soil.

It appears that application of nontoxigenic A, parasi-
ticus 10 soil may not be important in controlling aflatoxin
in corm, but the strain of 4. favas that is used as a biocom-
petitive agent is very important. The color mutant strain of
A flavies was not as aggressive as the nontoxigenic wild
type used in this study based on colonization percentages
{Figs. 1 and 3). In a soilbome crop such as peanuts, it may
he important to use a combination of nonloxigenic strains
of A flavus and A, parasiticus for biological control {f3).
Although A. flaves dominales over A. parasitices in peanut
seeds, A. paragiticus is still an important contributor to
overall aflatoxin contamination in peanuts (&), However,
becanse aflatoxin conlamination is wsually the result of in-
fection only by A. flevus in the aerial crops, the use of
nentoxigenic A. parasitices as pant of a bioconrtrol inoculum
for those crops may not be necessary unless those crops
are part of a crop rotation with peanuts,

The reduction in preharvest aflatoxin contamination of
corn seen in this study does not indicate that this biocontrol
sirategy offers a solution to the problem of aflatoxin con-
tamination in corm. However, when coupled with other re-
scarch strategies being formulated and tested, it may pro-
vide a portion of the protection needed to impact both the
health and economic consequences of aflatoxin contami-
nation.
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